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ABSTRACT

The success of joint replacement surgery has been responsible
for raising patients’ expectations regarding the procedure. Many of
these procedures are currently designed not only to relive the pain
caused by arthrosis, but also to enable patients to achieve functional
recovery and to engage in some degree of physical activity and
sports. However, as physical exercise causes an increase in forces
exercised through the articular prosthesis, it can be an important
risk factor for its early failure. Scientific literature on sports after
arthroplasty is limited to small-scale retrospective studies with short-
term follow-up, which are mostly insufficient to evaluate articular
prosthesis durability. This article presents a review of the literature
on sports in the context of hip, knee, shoulder and intervertebral
disc arthroplasty, and puts forward general recommendations
based on the current scientific evidence. Systematic Review,
Level of Evidence lII.
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RESUMO

O sucesso da artroplastia tem sido responsavel pelo aumento das
expectativas dos pacientes, sendo que, atualmente, muitos preten-
dem néo apenas o alivio da dor causada pela artrose, mas também
a recuperacéo funcional e praticar algum grau de atividade fisica e
esportiva. No entanto, a préatica de exercicio fisico, ao provocar um
aumento das forgas exercidas através da protese articular, pode
ser um importante fator de risco para a falha precoce. A literatura
cientifica sobre esportes depois de artroplastia é limitada a pequenos
estudos retrospectivos com pouco tempo de acompanhamento,
na maioria insuficiente para a avaliagdo da duragéo da protese
articular. Este artigo apresenta uma revisao da literatura sobre
prética desportiva no contexto de artroplastia do quadril, joelho,
ombro e isco intervertebral e propbe recomendagdes gerais com
base na evidéncia cientifica atual. Nivel de Evidéncia Ill, Revisao
Sistematica/Atualizacéao.
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INTRODUCTION

Prosthetic joint replacement is among the most successful types of
surgery in medical practice. According to Learmonth et al., total hip
arthroplasty is the surgery of the century."? The benefits of replacing
ajointin an advanced stage of degeneration, particularly of the hip,
knee, and shoulder, have been clearly demonstrated in terms of
pain relief, improvement of function, correction of deformities, and
improvement of quality of life."34 An aging population with higher
functional requirements and lower tolerance to joint symptomatology
requires joint replacement at a younger age and at less advanced
stages of joint degeneration. These factors have been responsible
for the worldwide increase in joint replacement surgery.'*

METHODS

A search of the scientific literature on the association between
sports and arthroplasty of the hip, knee, and shoulder, as well as

intervertebral disk surgery, was performed using the PubMed/Medline
database. The search focused on the following terms: “Arthroplasty”,
“‘Joint Replacement”, “Sports” and “Physical exercise”, yielding 76
articles. The inclusion criteria included original and review articles

published in English in peer-reviewed journals, yielding 38 studies.

Arthroplasty and exercise

The effects of exercise on health are well known, with physical
and mental benefits in all age groups."® Given the success of
arthroplastic surgery, patient expectations have increased, and
many desire not only symptomatic relief of osteoarthritis pain, but
also functional recovery, seeking to overcome the limitations caused
by osteoarthritis and even to perform some degree of physical and
sports activity."* Some patients aim to return to a sport that they have
been prevented from practicing due to degenerative osteoarthritis.®
The current scientific literature on sports after arthroplasty is lim-
ited to small retrospective studies with little follow-up time, mostly
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insufficient for assessment of the longevity of a joint prosthesis.’
Current total hip and knee prostheses (Figure 1) have a mean lon-
gevity of more than 90% at 10-20 years after implantation; therefore,
it is assumed that the minimum follow-up time for assessment of
the longevity of an arthroplastic procedure is 10 years, at which
point complications begin to appear.”8:910

Physical exercise induces an increase in the forces exerted through
the prosthesis, and can be an important risk factor for early failure.
A high level of physical activity increases the risk of stress and wear
between the prosthesis components and the prosthesis-bone
interface, leading to early loosening and prosthesis instability.
Physical exercise and decreased proprioception and pain are
protective of the artificial joint, and are also responsible for an
increased risk of traumatic lesions in a new joint."*'? According
to a Swedish registry that analyzed 92,675 hip arthroplasties and
30,003 knee arthroplasties, the 10-year surgical revision rates
were significantly higher in patients aged less than 55 and 65
years (20% and 18%, respectively) than in older patients (5% and
6%, respectively), which may be attributable to a higher level of
activity in younger patients.'>'* There is also some evidence that
physical inactivity increases the risk of early loosening (in less than
10 years) due to osteopenia and insufficient osseointegration of
noncemented prostheses, whereas increased physical activity
increases the risk of component wear (usually polyethylene) and
delayed loosening (over 10 years), caused by reactive osteolysis
in association with particle release.>815161718 Nevertheless, there is
no scientific evidence for the type and level of activity that should
be recommended or avoided after arthroplasty, with respect to the
longevity of a new joint."'®'41® Thus, the goal is to find a balance
that guarantees the benefits of physical activity and at the same
time does not reduce the longevity of the prosthesis.

Hip arthroplasty and physical exercise

The fixation technique and mechanical type and properties of the
joint surfaces of a prosthesis are critical factors for longevity.'® As a
general rule, noncemented fixation is preferable for young and active
patients who play sports, as it allows dynamic osseointegration of
the prosthesis and adaptation to functional demands, leading to
lower rates of loosening than those with cemented prostheses.'®20
In hip arthroplasty, despite extensive experience and good results

Figure 1. Total hip arthroplasty (A), total knee arthroplasty (B), unicom-
partmental knee arthroplasty (C).
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with metal-polyethylene joint combinations, ceramic and particu-
larly ceramic-polyethylene combinations have been increasingly
employed, mainly due to their lower susceptibility to wear and
less particle release and osteolysis, leading to lower complication
rates than with other materials. The higher strength of the latest
generation of polyethylenes has also provided the orthopedic
surgeon with greater confidence in the use of a total hip prosthesis in
active patients.?""?* The rates of return to active sports after total hip
arthroplasty range from 29% to 56% and are lower for high-impact
sports.'6:2925 The main reasons for not returning to sports practice
are pain, insufficient joint mobility, medical recommendation, and
fear of damaging the replaced joint.?® Ritter and Meding?® and
Dubs et al.'® demonstrated a decrease in sports practice from
78% in the preoperative period to 56% after hip arthroplasty. In
contrast, Visuri and Honkanen?’ reported an increase in recreational
sports activity from 2 to 55% for walking, 7% to 29% for cycling,
and 13% to 30% for swimming. Another study also found a slight
increase (80% to 83%) in recreational sports activity after total hip
arthroplasty.?® Currently, most orthopedists advise patients who
undergo arthroplasty of weight-bearing joints, particularly the hip
and knee, to avoid high impact and contact sports, as they involve
higher loads on the joint prosthesis and have a theoretically higher
risk of component wear, loosening of the prosthesis, and traumatic
injury." #*19 Therefore, sports such as football, basketball, handball,
tennis, volleyball, hockey, athletics, gymnastics, martial arts, and
others are strongly discouraged, and sports with reduced impact
such as cycling, swimming, water aerobics, dance , rowing, golf,
and bowling, among others, are encouraged."*%'81® Some authors
allow the practice of high-impact exercise only on a recreational level
with low intensity, and advise against competitive practice.® In spite
of this advice, some studies have demonstrated excellent functional
results in patients with load-bearing prostheses in high-impact
sports, even at a competitive level.'®2°3! Mont et al.2%3° demonstrated
that all professional tennis players in their sample who underwent
hip or knee arthroplasty (with 8 and 7 years of mean follow-up time,
respectively) returned to competition. Surgical revision rates were
6% at 8 years for hip arthroplasty and 5 years for knee arthroplasty.
Nevertheless, the duration of follow-up in these studies (less than
10 years) does not allow one to advise their practice, since it the
duration insufficient to provide information about the status of the
prosthesis."® However, even with this limited scientific evidence, there
has been growing acceptance of sports practice after arthroplasty
among orthopedic doctors, probably due to the greater degree
of function required by patients and the increased confidence
among surgeons regarding surgical technique in joint reconstruc-
tion and innovation and improvements in the quality and durability of
joint implants.!10:18:19

Knee arthroplasty and physical exercise

In theory, noncemented fixation ensures dynamic osseointegration
of a total knee prosthesis that is more favorable for sports practice,
and the preservation of the posterior cruciate ligament allows higher
levels of proprioception and consequently better functional results;
however, these findings require validation, as results are similar with
cemented fixation and techniques that sacrifice the posterior cruciate
ligament.*® A study of 160 patients who underwent total knee
arthroplasty, with a mean follow-up time of 5 years, revealed that
65% of those who practiced regular physical exercise before surgery
and 35% of those who were inactive in the year prior to surgery
returned to sports practice. The return rate was significantly higher
for low-impact sports compared to high-impact sports (91% vs 20%).
In a series of 144 total knee arthroplasties, Chatterji et al. found that
85% of patients practiced at least 1 recreational sport.®® Another
study in golfers who underwent total knee arthroplasty reported
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that they all returned to the sport; however, after a minimum of 3
years, they reported significant pain during and after sports practice
(16% and 36%, respectively), and signs of osteolysis were present
in 53.7% of the prostheses.®* Osteolysis was more common in
cemented prosthesis fixation, reaching a rate of 79.1%, compared
with 45% in the noncemented type. The hip and knee joints are
weight-bearing; however the forces exerted on each are different,
even at different times during the same sports activity. Unlike the
hip prosthesis, in which the articular surface is always high, the
congruence between the femoral and tibial components in knee
prostheses is greatest in extension, and precarious at 40-60° of
knee flexion. This minimum contact between the joint surfaces in
flexion is responsible for a substantial increase in contact stress,
which favors destructive wear and delamination of the polyethylene
insert.53536 The peak force on the prosthesis increases when the
activity involves high-amplitude knee flexion. In theory, the manner
in which these movements occur with greater frequency have more
detrimental effects on the knee prosthesis, in particular greater risk
of loosening of the tibial component.”¥”3 Thus, patients with a total
knee prosthesis should avoid, in addition to the sports already
mentioned for weight-bearing joints, high-impact knee flexion
activities, such as high-speed running, mountaineering, and slope
walking, among others.>7:37

The popularity of unicompartmental knee arthroplasty (Figure 1-C)
has increased in recent years, emerging as an effective alternative
to classic total arthroplasty (bi or tricompartmental) in patients
with isolated osteoarthritis of medial or lateral femoral-tibial com-
partments.3%4° Its indications have led to increasing use at a very
early age, resulting in higher functional levels and expectations
in comparison with total knee arthroplasty. As such, its use has
been increasing in individuals who play sports, despite limited
evidence in this population.#'#243 As with a total joint prosthesis,
the unicompartmental prosthesis will also be subject to the injurious
effect of excessive axial loads for any sports activities; however,
the joint biomechanics are different. The preservation of both
cruciate ligaments allows one to retain a large part of the physio-
logical kinematics of the knee and maintain anteroposterior and
rotational stability of the native joint, leading to less contact stress
in these directions. Thus, in theory, these prostheses may be less
likely to wear and loosening caused by excessive loads resulting
from sports activities, thereby reducing the sports restrictions of
their recipients.*"43-4% Furthermore, a mobile insert, often used in
an attempt to replicate physiological meniscal function, ensures
greater congruence between the prosthetic articular surfaces at
various degrees of knee range of motion, and can also contribute
to minimize shear forces that are potentially harmful to the new
joint.#¢ In turn, greater articular anatomical preservation allows a
higher level of proprioception in comparison with that for a total
joint prosthesis, and may lead to more effective protection of the
artificial joint and reduced risk of traumatic injuries."* However,
these theories remain to be proven and most orthopedists also
apply the sports recommendations for total knee arthroplasty to
unicompartmental arthroplasty.>”3"4! Walker et al.*? retrospectively
studied 101 patients who underwent medial unicompartmental
arthroplasty, with a mean follow-up of 4.4 = 1.6 years, and found
a rate of return to sports practice of 93%, mostly for low-impact
sports activities. Specifically, 27% of the patients returned to physical
activity in 1 month, 56% returned in 3 months, 77% returned in 6
months, and the remaining 23% needed longer than 6 months or
remained inactive. The mean University of California at Los Angeles
(UCLA) score improved significantly between preoperative and
final assessments (3.3+1.5 vs. 6.8+1.5, p<0.001). Approximately
62% of patients played sports with a high physical activity score
(defined as UCLA score =7) after arthroplasty, with cycling (85%),

walking (57%), and swimming (52%) being the most practiced sports.
Of this group, 29% practiced high-impact activities, such as football
(10%), skiing (9%), tennis (5%), and athletics (5%). Approximately
57% of the patients did not report any pain during sports practice,
17% had pain in the operated knee, and 26% had pain in other
joints. Five revisions were performed for persistent pain; however,
none was associated with sport practice. Naal et al.*' retrospectively
studied 83 patients with unicompartmental arthroplasty over an
average period of 18 months and found that the mean Knee Society
Score improved from 129.9+24.8 preoperatively to 186.9+18.3 at the
last evaluation, corresponding to a rate of return to sports practice
of 94.8%. Among these patients, 45.8% returned to physical activity
in 3 months, 68.6% in 6 months, and the remaining 31.4% needed
longer than 6 months. During sports practice, 47% of the patients
did not report any pain, 28.9% had pain in the operated knee, and
26.5% had pain in other joints. Only 1 prosthesis showed signs of
progressive radiolucency at the level of the femoral component;
however, the patient was asymptomatic. Finally, a prospective
study of 159 patients who underwent medial unicompartmental
arthroplasty found a significant increase in the frequency of sports
practice after arthroplasty (74% versus 84%) after a mean follow-up
of 2+1.47 years, with hiking, swimming, and cycling being the
most practiced sports.*® Despite the satisfactory results reported
in available studies and lack of an association between sports
practice and complications in the neo-joint, the follow-up period
is still insufficient to assess the longevity of the joint prosthesis. #4244

Shoulder arthroplasty and physical exercise

Arthroplasty of the glenohumeral joint (Figure 2) differs from hip
and knee arthroplasty to the extent that is not a weight-bearing joint.
Furthermore, the shoulder has the greatest range of motion in the
human body but less congruency between its articular surfaces.
As such, the main risks of arthroplastic surgery are early wear
and loosening, particularly of the glenoid component, and joint
instability.'® Although Poppen and Walker*” verified that the force
perpendicular to the glenohumeral joint (abduction arm) could
be close to that of body weight, Collins et al.*® concluded that the
main cause of loosening of the glenoid component is eccentric
load, which often occurs in some sports. As with hip and knee
arthroplasty, noncemented fixation appears to have an advantage
in young and active patients compared to that with cemented fixa-
tion.'® The ideal shoulder prosthesis for active patients depends on
several factors, including the integrity of the rotator cuff. There has
recently been anincrease in indications and a growing trend toward
the application of inverted glenohumeral arthroplasty compared
with anatomic arthroplasty and hemi-arthroplasty.'®4”-4° |n theory,

Figure 2. Anatomical glenohumeral arthroplasty (A) and reverse gleno-
humeral arthroplasty (B).
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contact sports and sports that require greater range of motion of the
shoulder, such as weightlifting, handball, volleyball, tennis, hockey,
golf, and gymnastics, among others, have increased risk of more
pronounced wear, loosening, and injury of the arthroplastic shoulder,
with ensuing need for a second early surgery, and should not be
recommended.®'°%05! There are few studies on sports practice in
patients with glenohumeral arthroplasty. Jensen and Rockwood®
showed that 96% of 24 patients in their study returned to recreational
golf, the majority with better performance after arthroplastic shoulder
replacement (anatomical and hemiarthroplasty). No significant
differences were identified in the prevalence of radiographic signs
of prosthetic loosening in comparison with those in a non-sports
practicing control group during an average follow-up of 53.4 months.
With an average follow-up of 3.7 years, a study of 75 athletes who
underwent anatomical arthroplasty or hemiarthroplasty of the
shoulder found that 71% showed improved sports performance,
50% showed increased frequency of sports activity in comparison
with preoperative activity, and 19% did not return to sports practice
after arthroplastic surgery of the shoulder.®' Only 4 of these patients
underwent a second surgery, 3 of whom underwent arthroscopic
debridement, with removal of the glenoid component secondary
to loosening in 1 patient. Despite these figures, the authors do not
guarantee that the rate of loosening will be lower, to the extent that
many patients are initially asymptomatic, despite early radiographic
signs of loosening.®"®2 A prospective study of 100 patients who
underwent total anatomical shoulder arthroplasty, with a mean
follow-up of 2.8 years, found that only 6% of those who practiced
sports previously did not return to physical exercise after arthro-
plastic surgery.® Of the patients who returned to sports practice,
69.4% resumed the same modality and the same level of intensity,
while the remaining patients changed to another sport, due to
limitations related to the shoulder, particularly range of motion
and strength. Another study of 67 patients (mean age 74.8 years)
who practiced at least 1 sport preoperatively and who underwent
inverted arthroplasty of the shoulder, with a mean follow-up time of
31.6 months, revealed that 85.5% returned to sports practice.
Significantly fewer patients over the age of 70 years returned to
a sport.*® Although these studies show that the frequency, level,
and intensity of sports practice after shoulder arthroplasty, even in
sports with high shoulder demands (for example, tennis and golf),
are equivalent to those seen before the onset of osteoarthritis, none
reported follow-up time and number of cases sufficient to assess the
risk factors that affect the longevity of a joint prosthesis. 950515253

Disk arthroplasty and physical exercise

Disk arthroplasty was developed to circumvent the loss of mobility
of a vertebral segment and the risk of involvement of an adjacent
disk that occurs in intersomatic arthrodesis as a treatment for
advanced degenerative disk disease (Figure 3). With arthroplasty,
the increased mobility and recreation of biomechanics, function-
ality, and distribution of loads closer to normal in the affected
segment could in theory lead to lower rates of disk degeneration
at adjacent levels.>* Disk arthroplasty should be applied in isolated
symptomatic degenerative disk disease that does not respond to
6 months of conservative treatment, and generally only in patients
without structural deformity or spinal instability, particularly interfacet
osteoarthritis, and with acceptable bone quality. Given the high
prevalence of contraindications associated with advancing age, the
majority of arthroplasties are performed in young patients, many
of whom have a need for increased activity and expectations of a
high functional level.>+%6 Although disk arthroplasties are still very
new and medium- and long-term studies are limited, the promising
results in the general population have led to growing popularity,
with increasing use in younger patients who are more active and
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Figure 3. Cervical disk arthroplasty (A) and lumbar disk arthroplasty (B).

have higher functional expectations.®®%” Despite this trend, few
studies have assessed the limitations and potential risks of these
arthroplasties in sports practice; therefore, the level of permissible
activity for patients with these implants to avoid compromising the
longevity of the prosthesis remains unclear.®® During sports, an
athlete can potentially experience excessive loads on an interver-
tebral prosthesis, which can lead to failure and early dysfunction.’
In theory, high-impact contact sports and those with intensive
activity may be associated with a higher risk of periprosthetic
osteolysis, migration, and implant wear due to more frequently
repeated axial and/or rotational loading on the column and the
intervertebral implant, with consequent early failure of the pros-
thesis.5®%8 Siepe et al.?® prospectively studied 39 practitioners of
various contact sports or high-impact and professional level sports
(mean age 39.8) who underwent lumbar disk arthroplasty, and
verified significant symptomatic improvement in all patients after an
average follow-up time of 26.3 months (average decrease of 5.7 on
the visual analogue pain scale and 30% decrease in the Oswestry
Disability Index). Return to sports practice was observed in 95%
of the athletes, occurring within the first 3 months in 38.5% and
at 3 and 6 months in 30.7% of the sample, with maximum sports
performance reached after a mean time of 5.2 months after surgery.
Approximately 85% of the sample showed significantly improved
sports performance; however, 8% showed a reduced level of sports
activity. The average frequency of sports practice increased 194%,
from 1.7 times per week in the preoperative period to 3.3 times
in the postoperative period. One-third of the sample developed
subsidence of the implant (migration of less than 5 mm), with
maintenance of function and always within the first 3 months after
implantation; however, there was no association with sports practice.
Progression of migration only occurred in 1 of these patients, but
without functional impairment of the prosthesis and no radiographic
signs of artificial disk wear. Tumialan et al.> retrospectively studied
soldiers, all of whom performed demanding or high-impact physical
activity. Twelve soldiers underwent cervical disk arthroplasty and
all returned to the same level of previous physical activity at an
average time of 10.3 weeks. Another 12 men underwent lumbar
disk arthroplasty and 83% returned to the previous activity level
at an average time of 22.6 weeks. One patient left the military
due to persistent symptoms, while another returned to physical
activity with limitations. One of the patients with a cervical disk
prosthesis developed osteolysis and needed implant removal and
conversion to intersomatic arthrodesis, while another with a lumbar
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disk prosthesis developed an S1 radiculopathy, requiring surgical
decompression. The mean follow-up times were only 12.2 months
for cervical arthroplasty and 10.7 months for lumbar arthroplasty.

Current General Recommendations

The absence of prospective randomized studies that assessed the
longevity of joint prostheses means that the current recommendations
for sports practice in patients with arthroplasties are only based on the
opinion of experts, and there is therefore a reduced level of scientific
evidence."'® Case-by-case analysis and preoperative discussion of
patient goals and expectations are needed to ensure that the type
and technique of arthroplasty and rehabilitation conform to the final
results.*® Patients should be encouraged to remain physically active,
and the practice of low-impact sports in patients with prosthetic
weight-bearing joints should be encouraged.**'® Those who wish

to practice a high-impact sport must understand the risks that are
theoretically associated with that specific sport, particularly in terms
of wear, loosening, instability and fractures in the region of the artic-
ular prosthesis, with consequent need for surgery or early revision.
The decision to practice a sport must be made by the patient after
weighing the risks and benefits.!*°'° Before initiating sports practice,
joint and trunk rehabilitation is recommended, in order to strengthen
and protect the neo-joint, reduce the incidence of prosthetic failure,
and prevent joint lesions."*'° Additionally, these patients should have
thorough clinical-radiological monitoring of the arthroplasty to enable
detection and early intervention for complications that may arise.*
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